Objective: To examine zinc and vitamin A intake and status and associated dietary, socio-demographic, lifestyle and physiological factors in British young people. Design: National Diet and Nutrition Survey of young people aged 4-18 y. Setting: Great Britain, 1997. Subjects: Complete 7-day weighed dietary records were provided by 1520 participants, while 1193 provided blood samples. Results: A total of 13 and 11% of participants respectively reported low dietary intakes of zinc and vitamin A (retinol equivalents), relative to the UK lower reference nutrient intake. These percentages were not altered significantly by including contributions to intake from supplements, mainly containing vitamin A (as retinol). Likelihood of low zinc and/or vitamin A intake was more often associated with age, sex and likely under-reporting of food consumption than with other sociodemographic and lifestyle factors. Low zinc and vitamin A intakes were generally less likely in those with higher consumption of dairy foods (mainly milk). Zinc and vitamin A status (assessed by plasma zinc and retinol concentrations) were adequate in almost all participants. Plasma zinc concentration was not significantly associated with zinc intake. Plasma retinol concentration was correlated with vitamin A intake (overall r ¼ 0.17, Po0.001; adjusted for age and plasma a 1 -antichymotrypsin concentration) and increased significantly with age (Po0.001) in both sexes. A significant association was found between plasma zinc and retinol concentrations in boys only (r ¼ 0.17, P ¼ 0.001). Conclusion: Zinc and vitamin A intakes and status were generally adequate in this national sample of British young people. Sponsorship:Food Standards Agency, UK.
Introduction
Zinc (Zn) and vitamin A are essential for maintaining good health and normal growth and development in children. Children and adolescents in developed countries such as the UK, as well as in developing countries, may be at greater risk of deficiencies of these micronutrients than adults due to their higher physiological requirements. Owing to rapid growth, Zn and vitamin A requirements are likely to be higher during adolescence, and especially during puberty, than at any time since infancy. Important synergies exist in the functioning of Zn and vitamin A, in relation to growth and development, sexual maturation, immune function; bone, ocular and skin health; and in relation to intestinal absorption and transport (Shils et al, 1999) . With regard to the latter interaction, Zn aids vitamin A absorption in the small intestine (Ahn & Koo, 1995) , is required for the synthesis of retinol-binding protein (RBP) that transports retinol in plasma and is involved in the exchange of retinol between circulation, target tissues and liver storage (Rahman et al, 2002) . Conversely, vitamin A is involved in Zn absorption. Reduced synthesis of the Zn transport protein a 2 -macroglobulin is observed in vitamin Adeficient animals (Wolf et al, 1979) .
Since high amounts of Zn are normally present in the brain, severe Zn deficiency can also cause behavioural problems and impaired learning ability (Shils et al, 1999) . Zn is required to maintain appetite and taste, while vitamin A also plays an essential role in haemopoiesis (Shils et al, 1999) . Although overt symptoms of Zn and vitamin A deficiency are rare in developed countries, mild deficiencies with accompanying suboptimal status may be more prevalent. Altered food habits (eg reduced consumption of main dietary sources of Zn and vitamin A, such as meat and vegetables respectivelyFfor reasons of economics, ethics or dislike) may also constitute a risk factor for inadequate Zn and/or vitamin A intakes and status.
The present study assessed the adequacy of Zn and vitamin A intakes and biochemical status of participants from the National Diet and Nutrition Survey of young people aged 4-18 y (Gregory et al, 2000) , and investigated risk factors associated with poor intakes and status.
Subjects and methods
The present study examined data from a nationally representative sample of young people aged 4-18 y who participated in a cross-sectional National Diet and Nutrition Survey (NDNS) (Gregory et al, 2000) . The survey was conducted in mainland Britain over four successive 3-month fieldwork 'rounds', from January to December 1997, corresponding approximately to the four seasons. Participants were recruited from private dwellings only and were randomly selected from 132 randomly selected postcode sectors included in the survey (33 per 'round' or season). Informed consent for participation in each part of the survey was obtained separately. Consequently, some participants who provided dietary records did not provide blood samples and vice versa. Ethical approval for all procedures was granted by Local Research Ethics Committees for each of the postcode sectors included in the survey and by the Ethics Committee of the MRC Dunn Nutrition Unit (of which the Micronutrient Status Laboratory is now part of MRC Human Nutrition Research).
Dietary assessment
Full details of dietary methodology, and that used for blood samples described in the next subsection, are provided in the survey report (Gregory et al, 2000) and so only a brief account is given here. Complete weighed dietary records of all food and drink consumed (plus dietary supplements and medicines taken by mouth), both inside and outside the home, over seven consecutive days were obtained for 80% of participants in the interview sample (1699/2127).
From feasibility work conducted between February and April 1996 from which 7-day dietary records were obtained from 117 respondents aged 4-18 y, young people aged 10 y and over were expected to be able to keep their own dietary record while for younger participants this would need to be done by their mother or other carer (Gregory et al, 2000) . In practice, the completor of the dietary record depended on the age and ability of the young person.
Following instructions from a trained fieldworker, Soehnle Quanta digital food weighing scales were issued (with a digital display and tare facility, accurately calibrated in units of 1 g up to 1 kg and 2 g units thereafter; Soehnle AG, Montlingen, Switzerland) and used to record consumed food and drink that could be weighed, and generally eaten in the home (but also including items prepared and weighed at home but consumed outside, for example, packed lunches taken to school), in a 'Home Record' diary. This diary comprised the main recording and coding document, with the description, brand name and, where appropriate, method of preparation recorded for each food item over the 7 days. Food preparation methods were recorded to enable separate coding of similar foods prepared differently, since these foods will have different nutrient contents.
For everything that could not be weighed, and often foods eaten outside the home, a smaller 'Eating Out' diary was provided. When a food eaten could not be weighed, a full description, including its brand name, details of portion size (using standard household or other appropriate measures) and any leftovers/spillage were asked to be recorded. All estimated weights of food recorded by the young person/ carer were checked by survey nutritionists to ensure credibility. Where weights of components of a composite food (eg a sandwich) were not recorded, component weights were estimated by survey nutritionists using standard food portions (Ministry of Agriculture, Fisheries and Food, 1993) .
For food and drink provided by the young person's school or college, the fieldworker was required to obtain further information from the school catering manager about, for example, portion sizes and cooking methods. These details could then be used later when coding and assigning weights to food items recorded in the 'Eating Out' diary. Wherever possible, approximate weights of unweighed foods were estimated by reference to similar weighed items recorded elsewhere in the diary. Alternatively, and importantly for younger children for whom 'standard' portion sizes are not always appropriate, weights were allocated to correspond to the young person's general eating habits over the 7-day period.
In order to maximise the quality of the resulting dietary information, fieldworkers returned approximately 24 h after leaving the food diaries with respondents in order to check that items were being recorded correctly and with enough detail, and to provide encouragement where appropriate. Since a feasibility study showed that girls in the oldest age group (15-18 y) were most likely to under-report food consumption (particularly by providing incomplete information in the 'Eating Out' diaries) (Gregory et al, 2000) , special attention was paid to these participants in order to maintain the quality of their dietary records. In addition, before the food diaries (coded by the fieldworkers) were used to estimate nutrient intakes, fieldworkers were asked to judge their quality and indicate the extent to which they considered the diary to be an accurate reflection of the young person's true current diet.
Food and drink consumption of over 6000 food items was converted to nutrient intakes using a nutrient databank compiled by the former Ministry of Agriculture, Fisheries and Food, and now maintained and kept up-to-date by the Food Standards Agency. Each food item contained content values for 55 nutrients and non-nutrients, including Zn, retinol and b-carotene. In order to assess adequacy of intake, average daily intakes of Zn and vitamin A (as retinol equivalents, RE; retinol þ b-carotene/6) were compared with their respective reference nutrient intakes (RNI) and lower reference nutrient intakes (LRNI) (Department and Health, 1991) .
Dietary supplements contributed sizeable amounts to total daily vitamin A intake but not to that of Zn. For this reason, adequacy of vitamin A intake is reported with and without the contribution from supplements containing vitamin A (present only as retinol), although most emphasis has been placed on intakes from diet only.
The extent and possible impact of likely under-reporting in the dietary record was also investigated. The method used was based on estimated basal metabolic rate (BMR est ) (Schofield et al, 1985) , using height and weight values (for 1503 participants) measured accurately by fieldworkers, with minimum cutoff points applied for plausible energy intakes based on these estimated values. The minimum cutoff points used were: boys and girls aged 1-5 y, 1.28 Â BMR est ; girls aged 6-18 y, 1.30 Â BMR est ; boys aged 6-18 y, 1.39 Â BMR est (Torun et al, 1996) . This method does have some limitations and sources of inaccuracy, such as the use of BMR est instead of measured BMR, lack of assurance that body weight remained constant throughout the period of dietary assessment, some false attribution of low recorded energy intakes as 'underreporting', and lack of consideration of physical activity levels. On this last point, some older children could have been more active than others and so, without taking account of differences in physical activity level, could have been under-reporting without being classified as such. Notwithstanding these potential shortcomings, this method of assessing likely under-reporting was used since no better alternatives were available.
Blood samples, and assessment of Zn and vitamin A status Venous blood samples (maximum 15 ml in Zn-free collection tubes), mostly fasting, were obtained early in the morning using venepuncture by trained phlebotomists, usually within a few days of the dietary records. Zn status was assessed by plasma Zn concentration, while plasma retinol concentration was the chosen index of vitamin A status. Suboptimal Zn status was indicated by plasma Zn concentrations o10.71 mmol/l for fasting blood samples or o9.95 mmol/l for nonfasting blood samples, corresponding to approximately two standard deviations below the adult means (Pilch & Senti, 1984) .
Plasma Zn concentration was quantified using the Wako Zinc 'kit' procedure (Wako Chemicals GmbH, Nauss, Germany). Internal quality control (QC) was maintained by using heparinised human plasma samples from the Cambridge Blood Transfusion Service and freeze-dried human serum samples with known Zn concentration from Randox Laboratories Ltd, Crumlin, Northern Ireland. Interassay precision (CV) was 2.8% (n ¼ 84) across all four seasons.
Plasma retinol concentrations below 0.70 mmol/l were used to indicate marginal vitamin A deficiency. Suboptimal vitamin A status (plasma retinol concentrations in the range 0.70-1.05 mmol/l) was also assessed since plasma retinol concentrations below 1.05 mmol/l have also been claimed to be responsive to higher vitamin A intake (Pilch, 1985) .
Plasma retinol concentration was quantified at an optical density of 325 nm, using an HPLC assay (Thurnham et al, 1988) . QC was maintained internally by drift control samples and externally by QC samples obtained from the National Institute of Standards and Technology, Gaithersburg, USA, in order to give early warning of any changes in assay sensitivity. Internal QC gave an interassay precision (CV) of 2.3% (n ¼ 104) across all four seasons. Mean deviation index from external QC was À0.56 (range À1.54 to 0.22).
Other blood analytes
Blood status indices for Zn and vitamin A were assessed in relation to the acute-phase index plasma a 1 -antichymotrypsin (ACT) concentration and white blood cell (WBC) count, since infection and inflammation can alter many blood nutrient indices in the absence of altered body stores. Although only two of the young people (two girls aged 7-10 y) had plasma ACT concentrations above the normal upper limit of 0.65 g/l (Calvin & Price, 1986) , associations with nutrient status may exist below this cutoff point. For example, raised plasma concentrations of ACT have been associated with reduced plasma concentrations of retinol (Paracha et al, 2000) and Zn (Goode et al, 1991) . WBC counts are increased by infection or inflammation.
Plasma ACT concentration was quantified using a Cobas Bio-based nephelometric assay (Roche Diagnostics Ltd, Lewes, UK) that relies on a specific antibody to ACT (purchased from Dako Ltd, Ely, UK) and diluted in buffer containing polyethylene glycol. A six-point calibration curve used calibration sera with assigned values. Internal QC data gave interassay precision (CV) of 5.2% (n ¼ 51) across all four seasons.
Associations between plasma retinol concentration and plasma concentrations of cholesterol and triacylglycerol (TAG) were also examined, since these are carriers of retinol in plasma. Standard analytical methods were used to quantify WBC count and plasma concentrations of cholesterol and TAG, with full details given in the survey report (Gregory et al, 2000) .
Statistical analysis
Dietary analyses include only the 1520 participants who reported their eating habits to be unaffected during the 7-day period of dietary assessment. Stratified statistical analyses were conducted by age group (4-6, 7-10, 11-14 and 15-18 y; and by sex for those aged 11-18 y), with Zn and vitamin A intakes and status indices as dependent variables.
In addition to sex and age group, Zn and vitamin A intakes, and their respective status indices, were assessed according to other socio-demographic and lifestyle factors recorded in a main interview questionnaire, completed by each participant or parent/carer where appropriate (Table 1) . In adolescents aged 11-18 y cigarette smoking habit (smoker, nonsmoker) was also considered, in girls aged 11-14 y the impact of menarcheal status (premenarcheal, postmenarcheal) was assessed, while the impact of use of oral contraceptives (OC) on Zn and vitamin A status was examined in girls aged 15-18 y.
In order to ensure confidentiality and improve the quality of data collected, information about sensitive areas such as smoking habit and, for girls aged 10 y and over, age at menarche (and therefore menarcheal status) and OC use was reported confidentially by the young people. They could either enter their answers into the fieldworker's laptop computer or answer the questions on a paper schedule.
Consumption of main and subsidiary food groups (cereals and cereal products, breakfast cereals, dairy foods, fat spreads, eggs and egg dishes, meat and meat products, fish and fish dishes, fruit and nuts, vegetables and vegetable products; sugar, preserves and confectionery), and tea, coffee and fruit juice consumption (expressed as a binary variable: nonconsumption, consumption) were also assessed for their associations with Zn and vitamin A intakes and status. In analyses stratified by age group, consumption of food groups (expressed per MJ of energy intake, to account for the variation in absolute amounts consumed according to age, and hence body size) were divided into thirds (low, medium, high). Where more than one-third of participants did not consume a particular food group during the recording period, a binary variable (nonconsumption, consumption) was used.
Where necessary, variables were transformed to give a normal distribution using natural logarithmic transformation. In this case, geometric means (95% CI) are presented as better measures of central tendency than arithmetic means (s.d.). Analyses of variance with post hoc Bonferroni tests, stepwise multiple linear regressions, unpaired Student's ttests, w 2 tests (or Mantel-Haenszel tests for linear association when multilevel factors were present) and Pearson's correlations were performed; Po0.05 deemed significant throughout.
Results
Likely under-reporting of food consumption was estimated to occur in 39% (599/1520) of the young people. Although the prevalence of likely under-reporting did not differ significantly by sex within any of the age groups, its prevalence increased significantly with age in both sexes (each Po0.0001, Mantel-Haenszel test for linear trend). Although difficult to ascertain unequivocally from the data available and the crude method used for its identification, likely under-reporting was not found to be selective across the range of food groups consumed nor, within the sexes, did 'under-reporters' differ significantly from 'non-underreporters' in terms of socio-demographic or lifestyle characteristics. Dietary supplements provided negligible amounts of Zn (0.4% mean contribution to total Zn intake), but made appreciable contributions to vitamin A intake in some individuals.
Zinc
A total of 80% of 4-to 18-y-olds reported dietary Zn intakes below the RNI, while 13% reported low intakes (oLRNI). Dietary Zn intake expressed as %RNI was lowest in boys and girls aged 11-14 y, although this ceased to be the case after excluding likely under-reporters (Table 2 ). Significantly more girls aged 4-6 and 11-14 y reported low dietary Zn intakes than girls aged 7-10 or 15-18 y. These differences remained after excluding likely under-reporters (17 and 12% in girls aged 4-6 and 11-14 y, respectively). Low dietary Zn intakes were more prevalent among girls aged 4-14 y than among boys of the same age (Pr0.02), even after accounting for likely under-reporting. After excluding likely under-reporters, age differences in percentages with low dietary Zn intake became nonsignificant in boys (P ¼ 0.12), but remained significant in girls (Po0.001). Low dietary Zn intake was more prevalent in those who reported having a poor variety of foods in the diet. No consistent associations were found with socio-demographic and lifestyle factors, although young people who consumed higher amounts of dairy foods, meat, and eggs and egg dishes were less likely to report low dietary Zn intake (Table 3) . Although, overall, dairy foods and meat contributed high amounts of Zn to the diet (21 and 29%, respectively), eggs and egg dishes contributed only 2% and so may have acted merely as a proxy for more substantial Zn intake from other food groups (eg 27% contributed by cereals and cereal products).
Plasma Zn concentration decreased between 4 and 18 y in girls but not in boys (Po0.001 and P ¼ 0.89 respectively, linear trends), while boys aged 15-18 y had higher plasma Zn concentrations than girls of the same age (Table 4) . Only 2% (15/767) of participants had suboptimal Zn status. Boys aged 4-6 y were more likely to have suboptimal Zn status than those aged 7-18 y (9 vs 0-2%, Po0.05). After adjusting for age and sex, plasma Zn concentration was not consistently associated with any socio-demographic, lifestyle or dietary factor. Plasma Zn concentration was not consistently or significantly correlated with Zn intake or density across the age-sex groups, after adjusting for age. Plasma Zn concentration was not significantly associated with plasma ACT concentration or WBC count in any of the age-sex groups or when the data were pooled.
Vitamin A A total of 66% of participants reported dietary vitamin A intakes below the RNI; 11% reported intakes below the LRNI. These proportions fell, nonsignificantly, to 63 and 10% respectively when contributions from dietary supplements containing retinol were also included. After excluding likely under-reporters, just over one-half of the remaining Table 2 Dietary intake and dietary reference values of zinc in young people aged 4-18 y, by sex and age group
Boys Girls 4-6 y 7-10 y 11-14 y 15-18 y P 4-6 y 7-10 y 11-14 y 15-18 y P (n=167) (n=228) (n=212) (n=163) (ANOVA or w 2 ) (n=151) (n=207) (n=209) (n=183) (ANOVA or w 2 ) Zinc intake and DRV (n=142) (n=160) (n=101) (n=57) ( n = 132) (n=157) (n=104) (n=51) participants reported total and dietary vitamin A intakes below the RNI, while 4% reported intakes below the LRNI, regardless of whether intake was derived from diet only or including supplements.
A total of 9% (131/1520) consumed vitamin A-containing supplements, with a fall in usage with increasing age (Po0.001). In the overall survey population, vitamin Acontaining supplements contributed 6% to total vitamin A intake, with the highest contribution (12%) reported in children aged 4-6 y. Geometric mean dietary vitamin A intake as %RNI did not differ significantly between boys and girls (84 vs 80%; P ¼ 0.053 after adjusting for age), although it decreased significantly with age in both sexes (Po0.001) ( Table 5) .
Dietary vitamin A intake as %RNI was significantly higher in children aged 4-6 y than in 11-to 18-y-olds. At 11-14 y, girls reported significantly lower dietary vitamin A intakes as %RNI than boys (P ¼ 0.006). The percentage of participants with low dietary vitamin A intakes (oLRNI) increased significantly with age in both boys and girls (P ¼ 0.03 and 0.02 respectively, linear trends). Percentages of participants with low dietary vitamin A intakes did not vary significantly by sex throughout the four age groups. For children aged 4-10 y and for 11-to 14-y-old boys, a poorer self-reported variety of food in the diet was associated with lower vitamin A intake. Dietary vitamin A intake as %RNI was not consistently associated with socio-demographic or lifestyle factors. However, higher consumption of dairy foods was associated with smaller percentages of children reporting low dietary vitamin A intake, in all age-sex groups except girls aged 15-18 y (Table 6 ). In addition, children aged 11-18 y with a higher consumption of fat spreads and consumers of eggs and egg dishes also tended to be less likely to report low dietary vitamin A intake.
Overall, dairy foods contributed 22% of vitamin A intake, while vegetables and vegetable products contributed most (23%) with 15% coming from carrots, in the form of bcarotene. Fat spreads and oils provided 13% of vitamin A intake, while only 4% was derived from eggs and egg dishes. As with their association with Zn intake, consumption of eggs and egg dishes may therefore have again been a proxy for the consumption of another, more vitamin A-rich, food group since eggs and egg dishes are not intrinsically a rich source of vitamin A.
Plasma retinol concentration did not vary with sex, although it increased significantly with age in both boys and girls (Table 4) . No participant had a plasma retinol concentration below 0.35 mmol/l, and only 0.9% (9/966) had a concentration below 0.70 mmol/l. In all, 19% (187/966) of participants had suboptimal vitamin A status (plasma retinol Only participants who reported eating habits to be unaffected during the 7-day period of dietary assessment were included in the above analyses. *Below the LRNI, according to age and sex.
w g per MJ energy intake to adjust for the variation in absolute amounts consumed according to age and, hence, body size. Low, medium and high indicate thirds of consumption, while eggs and egg dishes indicate consumption or nonconsumption since more than one-third of participants in the particular age groups did not consume these foods. M-H, Mantel-Haenszel. Other main food groups (listed in the Subjects and methods section) were not associated consistently with prevalence of low dietary zinc intake across the age-sex groups.
concentrations between 0.70 and 1.05 mmol/l). There was a significant trend towards lower prevalence of suboptimal vitamin A status with increasing age in boys and girls, but there was no difference by sex at any age. Other sociodemographic and lifestyle factors, and consumption levels of main and subsidiary food groups, were not consistently associated either with plasma retinol concentration or with marginal or suboptimal vitamin A status. Overall, plasma retinol concentration was significantly correlated with vitamin A intake and density (intake/MJ energy intake) in boys (r ¼ 0.17 and 0.16 respectively, each Po0.005) and girls (r ¼ 0.15 and 0.16 respectively, each Po0.005), after adjusting for age and plasma ACT concentration. Plasma retinol concentration did not differ between users and nonusers of vitamin A-containing supplements, in any of the four age groups. When stratified by age group and sex, there was a lack of consistency between socio-demographic, lifestyle, dietary and physiological factors significantly and independently associated with plasma retinol concentration (Table 7) . Total vitamin A intake and plasma cholesterol concentration were directly associated with plasma retinol concentration in only one and two of the six age-sex subgroups, respectively. Significant inverse associations were found between plasma retinol concentration and plasma ACT concentration and WBC count, but only in those aged 11-14 and 7-10 y, respectively. In girls aged 15-18 y, the largest percentage (16%) of the variation in plasma retinol concentration was explained by OC use.
When the plasma retinol concentration of all participants (4-18 y) was analysed in a single stepwise multiple linear regression model, eight factors (age, plasma concentrations of cholesterol, TAG and ACT; season, total vitamin A intake, fruit and nuts consumption/MJ energy intake and sex) were independently associated with plasma retinol concentration. Altogether this explained 28% of its variation (Table 7) . Age explained most of the variation in plasma retinol concentration (18%), while plasma concentrations of cholesterol and TAG were also positively associated with plasma retinol concentration. Higher plasma ACT concentrations were associated with lower plasma retinol concentrations and significantly greater likelihood of 'suboptimal' vitamin A status.
Zinc-vitamin A inter-relations
A total of 4% (63/1520) of participants (3% of boys, 5% of girls) reported dietary intakes of both Zn and vitamin A below the LRNI. However, this prevalence fell to less than 1% (8/904) after excluding likely under-reporters.
A significant linear correlation between plasma Zn and retinol concentrations was observed in boys (r ¼ 0.16, P ¼ 0.002, n ¼ 404) but not girls (r ¼ 0.06, P ¼ 0.24, n ¼ 362). These correlations were unaffected by adjustment for plasma ACT concentration which was inversely correlated only with plasma retinol concentration in both sexes (each Po0.001). Only participants who reported eating habits to be unaffected during the 7-day period of dietary assessment were included in the above analyses.
*Arithmetic mean (S.D.). 
Discussion
Zn and vitamin A intakes were adequate for most of this national sample of British young people aged 4-18 y, particularly after consideration of likely under-reporting. Adequate intakes were confirmed by the fact that 'low' status (plasma concentrations) for both nutrients was detected in only a very small minority (1-2%). The prevalence of poor Zn status was highest in boys aged 4-6 y (9%), while only in 15-to 18-y-olds was there a gender differenceFplasma Zn concentration being significantly higher in boys than in girls. Overall, plasma retinol concentration was directly correlated with age (which explained the largest proportion of its variation), while plasma Zn and retinol concentrations were also associated in boys. Low Zn and vitamin A intakes were generally less likely in those with higher consumption of dairy foods (mainly milk). In the UK, dietary Zn intakes of 4-y-olds in 1997 were similar to those estimated in 1992-93 (Gregory et al, 1995) . Nevertheless, a lower percentage of boys reported intakes below the LRNI in 1997 compared with 1992-93 (8 vs 29%, Po0.05). Dietary Zn intakes of adolescents were also similar when compared with UK values from a 1986-97 national survey (Crawley & Shergill-Bonner, 1995; Crawley & Summerbell, 1998) , and those obtained in the USA (Briefel et al, 2000; Institute and Medicine, 2001) . In a similar way to the present study, 11-to 18-y-old American girls in the third National Health and Nutrition Examination Survey (NHANES III) (Briefel et al, 2000) reported the lowest percentage with adequate Zn intake compared with other age groups. Inadequate Zn intake was also more prevalent in 11-to 18-y-old girls than boys (61 vs 38%) in the USA (Briefel et al, 2000) .
No comparable data on plasma Zn concentration were available from previous studies in the UK. However, plasma Zn concentrations obtained from the NDNS sample were similar to data from children, of similar ages, in France (Malvy et al, 1993) , Germany (Rükgauer et al, 1997) and the USA (Pilch & Senti, 1985) . While the present study showed a significant fall in plasma Zn concentration with age only in girls, no associations with age in both sexes, or between boys and girls, have been detected in French children aged 3-16 y (Malvy et al, 1993) or in German children aged 4-18 y (Rükgauer et al, 1997) . However, serum Zn concentration did fall significantly with age in 150 Canadian girls (Lockitch et al, 1988) .
The highest prevalence (9%) of 'poor' Zn status observed in boys aged 4-6 y in the present study may be of concern if replicated in larger surveys involving more participants from this age group. In the present analyses, plasma Zn concentration was reported for only 34 boys aged 4-6 y and so it is possible, particularly since poor Zn status was not observed in girls of the same age who would presumably have had Only participants who reported eating habits to be unaffected during the 7-day period of dietary assessment were included in the above analyses. Values in bold text also exclude likely under-reporters (according to criteria outlined in Subjects and methods section). Values for vitamin A intake (mg/day and as %RNI) are geometric means (95% CI), obtained by back-transformation of log e -transformed data. DRV, dietary reference value (ie recommended daily intake); RNI, reference nutrient intake; LRNI, lower reference nutrient intake; RE, retinol equivalents (ie vitamin A activity equivalent to 1 mg of retinol or 6 mg of b-carotene).
Unlike letters (a,b,c) indicate significant differences (Po0.05; Bonferroni test following ANOVA for continuous variables, w 2 test for percentages with intakes oLRNI) between age groups for boys and girls separately. similar growth rates, diets and other likely determinants of plasma Zn concentration, that this high prevalence occurred by chance. In addition, it should be remembered that, for this age-sex group, 9% represents only three individuals.
The lower plasma Zn concentrations observed in 15-to 18-y-old girls compared with boys of the same age and girls aged 11-14 y in the present study could be related to menstrual blood losses. They also contrast with age-related changes in plasma Zn concentrations of adolescent girls (Butrimovitz & Purdy, 1978) , that were reported to decline during the period of most rapid growth (around 11-14 y) only to rise thereafter. This fall and rise in plasma Zn concentration during female adolescence is considered to be a normal physiological occurrence in response to changing needs for growth and development or a redistribution of Zn due to changing levels of oestrogens with sexual maturation (Butrimovitz & Purdy, 1978; Wagner et al, 1985; Thompson et al, 1986) .
Changes in plasma Zn concentration with the adolescent growth spurt and sexual maturation might also be expected in boys. Although one study of healthy 11-to 26-y-olds reported lowest serum Zn concentrations in boys aged 13-14 y during their first stage of puberty (Michaëlsson et al, 1976) , similar findings were not observed in the present study. The lack of significant associations between plasma Zn concentration and any socio-demographic, lifestyle or dietary factor, including Zn intake, in the present study may be due to so few participants having low plasma concentrations.
Percentages reporting low dietary vitamin A intake did not change in 4-y-olds living in Britain between 1992-93 (7%) (Gregory et al, 1995) and 1997 (5%). Boys, but not girls, aged 10-11 y and 14-15 y reported lower intakes in 1997 than those estimated in 1983 (Department and Health, 1989) when expressed as %RNI and, to a lesser extent, as mg/day, although percentages of boys and girls with intakes below the LRNI did not differ significantly. Estimated dietary vitamin A intakes were lower in British children aged 16-17 y in 1997 than in 1986-87 (Crawley & Shergill-Bonner, 1995; Crawley & Summerbell, 1998) .
Surveys including children, mainly adolescents, living in Ireland (Hurson & Corish, 1997) and the Netherlands (Löwik et al, 1998) have reported similar vitamin A intakes to those from the NDNS, while higher intakes were reported in Sweden (Samuelson et al, 1996) and the USA (Institute and Medicine, 2001) . The higher vitamin A intakes reported in the latter two countries may reflect higher consumption of dairy foods and fats and oils, all of which are major contributors of vitamin A in the diet.
The implication of the significant reduction in adequacy of dietary vitamin A intake (as %RNI) with age in the present Only participants who reported eating habits to be unaffected during the 7-day period of dietary assessment were included in the above analyses. *Below the LRNI, according to age and sex.
w g per MJ energy intake to adjust for the variation in absolute amounts consumed according to age and, hence, body size. Low, medium and high indicate thirds of consumption, while eggs and egg dishes indicate consumption or nonconsumption since more than one-third of participants in the particular age groups did not consume these foods. M-H, Mantel-Haenszel.
Other main food groups (listed in the Subjects and methods section) were not associated consistently with prevalence of low dietary vitamin A intake across the agesex groups.
study is uncertain since it was not reflected directly in lower plasma retinol concentration, which actually increased. Although vitamin A intake (expressed per MJ energy intake, to standardise intake across the wide age range) was found to be one of several factors directly associated with plasma retinol concentration, other factors (eg age and plasma cholesterol/TAG concentrations) were associated more strongly. The decrease in dietary vitamin A intake with age may be attributed to lower consumption of dairy foods. Geometric mean plasma retinol concentrations in the present study were 4-13% lower (depending on age group) than median values for young American people of the same age (Institute and Medicine, 2001 ). However, differences were nonsignificant since data from the young American The above analyses include only participants who reported eating habits to be unaffected during the 7-day period of dietary assessment, and exclude participants taking supplements containing vitamin A (wholly as retinol). *Forward stepwise multiple linear regression analyses examined associations between plasma retinol concentration (dependent factor) and plasma ACT concentration and socio-demographic, lifestyle and dietary factors (independent factors) outlined in the Subjects and methods section and . Both nutrient intakes and consumption of food groups are expressed per MJ in order to make them independent of differences in energy intake that are generally related to age. ACT, a 1 -antichymotrypsin concentration (indicator of recent or current infection or inflammation); RE, retinol equivalents; B, regression coefficient; s.e. (B), standard error of regression coefficient; Cum. adj. r 2 , cumulative adjusted r 2 (refers to the amount of variation in plasma retinol concentration explained by independent factors included in the final multiple regression model).
people were considerably more variable than the NDNS data. In the present study, 19% of 4-to 18-y-olds had plasma retinol concentrations in the range 0.70-1.05 mmol/l ('suboptimal vitamin A status'), with lower prevalence with age. These prevalences were similar to those of American children aged 4-8 y (17-34%) and 9-13 y (4-14%) who participated in the NHANES III survey (Ballew et al, 2001) .
The significant increase in plasma retinol concentration with age in boys and girls has also been reported in national samples of young people living in the USA (Lewis et al, 1990; Ballew et al, 2001; Neuhoser et al, 2001 ). This increase probably reflects larger liver vitamin A stores that reflect normal physiological changes with growth and does not necessarily indicate better vitamin A status with ageing. Plasma concentrations of retinol and RBP increase greatly during adolescence (particularly during puberty) with the degree of sexual maturation in boys and girls, even after adjusting for plasma cholesterol and TAG concentrations (Herbeth et al, 1991) . Consequently, by using single cutoff points of plasma retinol concentration for all ages (eg 0.70-1.05 mmol/l), there is a greater likelihood of those aged 4-6 y being falsely considered to have suboptimal vitamin A status compared with those aged 15-18 y. With plasma retinol concentration strongly correlated with age, 'true' vitamin A status in children may be judged more accurately by using age-specific cutoff points of normality.
With regard to other factors found to be significantly associated with plasma retinol concentration, some were associated only sporadically in one or two age-sex groups. Some factors could have plausible explanations for their inclusion in the final regression model (eg in girls aged 11-14 y, with plasma retinol concentration directly associated with dairy food consumptionFas a main contributor to vitamin A intake), while others appear nonsensical (eg an inverse association with dairy food consumption in girls aged 15-18 yFunless for this age group the dairy foods consumed were of a different type contributing less vitamin A).
The respective, and apparently independent, associations between plasma retinol concentration and plasma cholesterol/TAG concentration and vitamin A intake observed in the present study may in fact be inter-related since good food sources of vitamin A (dairy foods and fat spreads) tend also to be good sources of saturated fats and cholesterol. High intakes of some types of saturated fat (ie lauric, myristic and palmitic acids) have been associated with raised plasma total and LDL cholesterol concentrations (Shils et al, 1999) . The most credible associations are likely to be those obtained after pooling the data across the whole age range and after adjusting for age and sex, those factors with plausible mechanistic reasons for an association and/or those that apply to a specific age group and sex (eg OC use in older adolescent girls).
The higher plasma retinol concentrations observed with OC use in older adolescent girls from the present study have been reported for serum retinol concentration in girls aged 14 y and over in the USA (Ballew et al, 2001 ), and has been described in greater detail for 16-to 18-y-old girls from the present study elsewhere (Thane et al, 2002) . Higher plasma retinol concentration with OC use is thought to be mediated by a rise in RBP synthesis and secretion by the liver, induced mainly by the oestrogenic components of OCs. Hence, the higher plasma retinol concentrations observed with OC use does not imply better vitamin A status, merely that the body's retinol stores have been redistributed from storage in the liver into circulation.
In the present study, plasma retinol concentration was significantly correlated with vitamin A (retinol equivalents) intake. This finding agrees with two reports of children living in the USA (Lewis et al, 1990; Neuhoser et al, 2001) . It suggests that, even in these populations with largely adequate vitamin A intakes, liver vitamin A stores may be low and RBP may not be fully saturated so that vitamin A intakes in some members of these populations could be regarded as suboptimal. The observed relation between vitamin A intake and plasma retinol concentration also provides support for the usefulness of plasma retinol concentration in reflecting variation in vitamin A intake, and hence as a biochemical vitamin A status index in this population.
The significant direct correlation observed between plasma Zn and retinol concentrations in boys corroborates that reported in serum from 225 Bangladeshi schoolgirls aged 12-15 y (Ahmed et al, 1998) . A positive correlation between plasma Zn and RBP concentrations was reported in one study (Michaëlsson et al, 1976) , although not in another using serum (Lockitch et al, 1988) . Although plasma RBP concentration was not measured in the present study, its increase or adequacy in relation to Zn status does provide a plausible explanation for an association between plasma Zn and retinol concentrations. This would also be in accordance with evidence of a synergistic effect of Zn and vitamin A on biochemical indices of vitamin A status in children (Rahman et al, 2002) .
Conclusions
Dietary intakes and status of Zn and vitamin A were generally adequate in this national sample of 4-to 18-y-old British young people, although 13 and 11% of participants respectively reported low dietary intakes of Zn and vitamin A (oLRNI). There was a lack of consistent association between low intakes and poor status of Zn and vitamin A with indicators of poorer socio-economic conditions (eg household receipt of income support and/or family credit, and lower household income). Plasma Zn and retinol concentrations were associated more often with nondietary factors (eg 18% of the variation in plasma retinol concentration explained by age), than with dietary factors. The variation in food consumption and nutrient intake accounted for only a small percentage of the interindividual variation in these status indices for this age group.
